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Memorandum

Foth Infrastructure & Environment, LLC
2121 Innovation Court, Suite 300

P.O. Box 5126 e De Pere, Wl 54115-5126
(920) 4972500 @ Fax: (920) 497-8516
www. foth.com

January 10, 2017

TO:  Andrew Boushy, Aquila Resources Inc.

CC:  Steve Donohue, Foth Infrastructure & Environment, LLC
Master File

FR: Kris Baran, Foth Infrastructure & Environment, LLC
John Starke, Foth Infrastructure & Environment, LLC
Raymond Wong, Foth Canada Corporation

RE:  Back Forty Project Design of Cut-off Wall/River Road Realignment/East Access
Power Corridor - Revised

Introduction

Aquila Resources Inc. (Aquila) is preparing a Mining Permit Application (MPA) for the
Back Forty Project, which is located in western Menominee County, about 15 miles
northwest of Stephenson, Michigan. The project consists of mining a volcanogenic
massive sulfide deposit of zinc and copper as an open pit. The planned open pit is
bounded to the west by the Menominee River. A cut-off wall is proposed to restrict
seepage from the Menominee River to the open pit and improve the stability of the pit
slope. Figure 1 shows the general location of the open pit, proposed cut-off wall
alignment, and proposed River Road realignment.

This memorandum presents the Permit Level design for the Menominee River cut-off
wall based on the finalized open pit configuration by Aquila. The work is based on
preliminary geotechnical investigation and cut-off wall alternative evaluation completed
by Golder Associates Inc. in 2011 (Golder, 2011). From the preliminary concept
description prepared by Golder, as well as the updated pit shell included with the
Preliminary Economic Analysis (PEA) ( Tetra Tech, 2014), Foth has prepared the
cut-off wall design to support the MPA including:

+ Layout the cut-off wall alignment based on the finalized open pit configuration
(Pit 32).

+ Finalize the construction method and cut-off wall mix design.
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+ Update seepage estimates based on the realigned length and depth of the cut-off
wall.

+ Design of the cut-off wall containment structure.
+ Determine optimum overburden slope configuration.

Previous Geotechnical Investigation and Study

In 2011 Golder was retained by Aquila to provide technical support on a cut-off wall
design to minimize seepage from the adjacent Menominee River into the planned open
pit. A geotechnical investigation for the cut-off wall design was carried out in 2011. The
scope of work covered by Golder’s evaluation includes the following:

+ Evaluating preliminary seepage analyses and determining the need for a cut-off
wall structure.

« Comparing concept alternative cut-off wall construction methods with respect to
constructability, performance (efficiency), environmental impact/footprint, order
of magnitude construction cost, and potential requirement for bedrock grouting
based upon previous mine description.

+ Recommend technically feasibility cut-off descriptions for the project.

Cut-off

Design Basis

The cut-off wall is designed and constructed as a low permeability barrier through the
overburden soils to impede seepage from the Menominee River into the proposed open
pit and at the same time to reduce the hydraulic gradient in the overburden soil to
improve slope stability. The selection of the type of cut-off wall construction technique
shall be based on the ability of such method to excavate the on-site soils and rock in an
efficient manner and provide the best performance as a low permeability barrier.

all Design

The pertinent design criteria of the Back Forty project cut-off wall are presented in
Table 1.

Tanbsle 1

Cut-off Wall Design Criteria

Description Design Value
Minimum hydraulic conductivity 1 x 10 m/s
Minimum unconfined compression strength 500 kPa (5 tons/feet?)
Minimum embedment depth in weathered rock 2 m (6 feet)

Design maximum flood level of the Menominee River 212 m
for a 100-year, 24-hour storm (Foth, 2015)
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Description Design Value

Minimum set-back distance 30.5 m (100 feet) to the
maximum flood level,
e, 212 m

m/s = meter per second Prepared by: RXW
feet” = square feet Checked by: MIV2
m = meter

Cut-off Wall Types
Four (4) cut-off wall construction alternatives were considered for the Back Forty Project
including:

+ Conventional Excavation (long-reach excavator).
o Clamshell Excavation,
+ Cutter Soil Mixing (CSM).

o Trench Cutter (TC).

Of these, 1t 18 concluded that the CSM and the TC methods are best suited for
constructing the cut-off wall in the soil and bedrock conditions present at the Project
site. The Conventional Excavation and Clamshell Excavation methods were rejected
due to limitations as outlined below:

« Difficult to control verticality.

« Mot suitable for dense/stiff soils, cobbles and boulders.
o Cannot excavate bedrock.

+ Cleaning if bottom of wall difficult.

+ Difficult to ensure backfill quality to meet QA/QC.

The CSM and TC construction methods are capable of cutting through the bedrock to
provide the necessary key-in in a single step. The CSM and TC construction methods
are very similar, both employing cutting wheels rotating about a horizontal axis. The
main difference between TC and the CSM is the manner the cut-off is formed. With
the TC method, there is no injection of slurry at the point of cutting. Instead, cutting
takes place under a head of bentonite slurry with the cut soils being removed from the
trench by pumping to the surface in a suspension of a bentonite slurry. The TC
method is usually used where very deep penetration (up to 120 m) in dense or bedrock
formation is required. The CSM mixes the in-situ soils with cement-bentonite (SCB)
slurry that is injected directly into the soil at the point of cutting. However, the
capability of the CSM to penetrate the weathered zone is highly dependent on the
strength of the bedrock encountered during construction of the cut-off wall. In the
event that the CSM cannot penetrate the weathered zone to construct the cut-off wall
key-in, the bottom 2 m (6 feet) of the cut-off wall shall be pressure grouted.

The CSM and TC method also provides a better assurance of quality and performance
and has many advantages over the conventional and clamshell method. Based on the soil
conditions and depth of the overburden, the CSM method is best suitable at the Project
site.
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Cut-off Wall Alienment and Location

The general plan arrangement and profiles of the cut-off wall are shown on Figure 2.
Typical cross sections through the cut-off wall alignment are provided on Figure 3. The
depth of the cut-off wall varies from about 12 m to 20 m below the existing ground
surface. The cut-off wall will have a setback distance of 30.5 m (100 feet) from the
100-year, 24-hour flood level, i.e., 212 m. Other environmental features such as cultural
resources that could be affected by the pit cut-off wall are also shown on Figure 2.

Cut-off Wall Construction

Figure 4 shows typical construction details of the cut-off wall. The CSM equipment shall
be provided with a level platform during excavation of the cut-off trench to ensure
verticality. A reinforced concrete guide wall is usually construed first to ensure that the
CSM will properly be aligned. The guide wall also provides support of the near surface
soil and footings for personnel and equipment. The cut-off wall is constructed in
alternative panels. Two primary panels are constructed first. When the soil, cement, and
bentonite (SCB) have set, the secondary panel is installed by overlapping into the primary
panels, thus providing a continuous wall structure. The CSM is capable of excavating
rock. However, in the event that it cannot penetrate unexpected hard formation, the
cut-off wall will terminate at the rock surface and that a grout curtain shall be installed in
the rock from the bottom of the cut-off wall. The depth of the grout curtain is the same as
the embedment depth of the cut-off wall into weathered rock.

Cut-off Wall Mix Design

The cut-off wall will be constructed of soil, cement, and bentonite mix (SCB). Typical
bentonite mix content is 6% to 7% of cement by weight and the water/cement ratio shall
be between 2 and 3. The final design mix should be determined by suitability tests prior
to construction to ascertain that the SCB mix will meet the minimum hydraulic
conductivity and a shear strength requirement to meet the final design criteria.

Groundwater Seepage Estimate

Preliminary seepage analyses, based on the proposed cut-off wall profile, approximately
400 m in length indicated the seepage through the cut-off wall ranges from 123 to

4,756 cubic meters per day (32,500 to 125,500 gallons per day [gpd]) during Life of
Mine. Further detailed seepage analyses will be carried out in the ongoing project
hydrogeological evaluation. Groundwater infiltration and surface water runoff will be
collected in sumps located at the lowest operating pit level. Pumps installed in the sumps
will pump water to the clarifier ponds located near the Contact Water Basin (CWB).
Pump design capacity will be determined with the Project final design upon completion
of detailed water seepage analysis.

Overburden Slope Stability
The overburden at the proposed cut-off wall location consists of loose to very dense silty
sand to sand and gravel. Pockets of cobles were also encountered at some of the borehole

locations, The thickness of the overburden varied from 11 to 21 m. The measured ‘N’
values from the Standard Penetration Test (SPT) of the overburden varied from 3 to more
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than 100 blows per 0.3 m of penetration. Copies of the boring logs from Golder
(Golder, 2011) are provided in Attachment 1.

Based on SPT ‘N’ values and experience of the types of overburden, the geotechnical
parameters adopted for slope stability analysis are presented in Table 2.

Table 2

arameters Used for Slope Stability Analysis

Geotechnical

Description of Unit Weight Cohesion, ¢’ Internal Friction,
Stratum (kKN/m?) (kPa) ¢’ (degrees)
Overburden 20 0 30
Cut-off Wall 20 500 30
Rock Fill Berm 20 0 36

Prepared by: RXW
Checked by: MJV2

The proposed overburden slope above the bedrock surface is 2H: 1V and the toe is located
a minimum of 15 m from the crest of the open pit slope. This provides a safe distance
from the edge of the pit due to potential development of tension crack on the pit slope.
To take into consideration of construction and normal road traffic, a surcharge load of

40 kPa is applied to the top of the slope.

Slope stability analyses were carried out using SLOPE/W software developed by
Geo-Slope (Geo-Slope, 2012). The analyses were carried out for the following scenarios:

+ Static short-term condition when the slope is being formed and prior to the
construction of the cut-off wall and the phreatic surface is based on the normal
water level of the Menominee River.

+ Phreatic surface developed from a steady state flow condition during the
100-year, 24-hour storm with the cut-off wall in place. The raised water level of
the Menominee River during the 100-year, 24-hour storm is assumed to be 212 m.
For added stability and prevention of sloughing of the overburden slope face, a
3 m wide rock fill toe berm is provided downstream of the overburden slope. The
rock fill berm toe is placed directly on bedrock and extended to elevation 210 m.
Details of the overburden slope are shown on cross sections presented on
Figure 3.

The minimum required factors of safety (FS) for slope stability are as follow:

¢ FS during construction of the cut-off wall is 1.25; and

+ Long-term FS during a 100-year, 24-hour storm event is 1.5.
The results of slope stability analysis are provided in Attachment 2. All FS satisfy the
minimum required and are summarized as below in Table 3.
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Table 3
Summary of Overburden Slope Stability Analysis

Description FS
Static Short-Tetm Condition during Construction 27

Static Steady State with a 100-year, 24-hour storm event 1.62

Prepared by: RXW
Checked by: MIV2

Final Design and Construction Considerations

The cut-off alignment will be placed to meet local zoning requirements as well as the
project site development needs. The construction of the cut-off wall by the CSM method
is often carried out by a specialty contractor. A common design build approach can
accept this method based on performance criteria set out by the geotechnical engineer.
Additional boreholes will be required at the southern-most portion of the cut-off wall to
provide the level of confidence required for final design and tender prior to construction.

Proposed River Road Realignment

River Road is proposed to be realigned around the open pit and cut-off wall during
mining operations as shown on Figure 1. This proposal is currently being evaluated by
the Menominee County Road Commission. If the proposed route is approved, all
permitting will be handled by the Menominee County Road Commission as a separate
project. Since wetland WL-14 is proposed to be completely impacted indirectly, and this
impact has been addressed in the Proposed Mitigation Plan, any future impact to WL-14
for the River Road reroute (such as 0.05 acres of fill) will have been accounted for in
terms of the appropriate amount of mitigation.

East Access Power Corridor

A power corridor to allow additional service to the facility is currently being evaluated by
American Transmission Company (ATC). The proposed East Access Power Corridor is
shown on Figure 5. If approved, the proper easements and permitting will be completed
by ATC under a separate project.

Based on the site reconnaissance and wetland delineation completed on the proposed
corridor, there are no wetland impacts that will need to be mitigated. The preliminary
wetland assessment for the proposed corridor is included in Appendix B-6 of the
Wetlands Permit Application.

References
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Attachments:
Figure 1 — Site Location Plan Open Pit and River R oad Realignment
Figure 2 — Cut-off Wall General Arrangement
Figure 3 — Cut-off Wall Cross Sections
Figure 4 — Cut-off Wall Typical Details
Figure 5 — Cut-off Wall, River Road Realignment, and Power Corridor
Attachment 1 — Boring Logs
Attachment 2 — Slope Stability Analysis Results
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RECORD OF Borehole: GB-01
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PROJECT: 10-4193.0003 RECORD OF Borehole: GB-01 SHEET 2 OF 2
LOCATION: N 5033576686 E 434704,00 BORING DATE: AUG 34, 2011 DATUR;
SAMPLER HAMMER, Bdka: DROP, 760mm PENETRATION TEST HAMMER, 64kg, DROP, 760mm
o vs ] DYNARIC PENETRATION N | HYDRAGLIC CONDUGTIVITY,
y 18 - SOH. PROFILE SAMPLES | REsiSTANCE, BLOWSIAM  \ k. amis "
o | & i \ 28 PIEZOMETER
g | b 8 £ 2l 4 & a0 L F4H OR
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PROJECT: 10-1193-0003 RECORD OF Borehole: GB-02 SHEET 1 OF 2
LOCATION:  5033436.02 1. 43480480 BORING DATE: AL 68, 9041 CATUM:
SAMPLER HAMMER, 64kg, DROP, 760mm PENETRATION TEST HAMMER, Biékg; DROP, 760mm
p ) DYHAMIG PENETRATION N | HYDRAULIC CONDUCTIVITY,
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PROJECT. 10-1183-5002 RECORD OF Borehole: GB-02 SHEET 2 OF 2
COCATION: N 503348602 ;E 434904.80 BORING DATE: AUG 6.8, 201 DATUM:
SAMPLER HAMMER, @idkg DROP, 7680mm FEMETRATION TEST HAMMER, S44g, DROP, 760mm
o 2 . § DYNANMID PENETRATION N HYDRAULID CORDUCTIVITY.
w {89 soLARORLE SAMPLES | RESISTANCE, BLOWSIOS® & %, o I 9
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PROECT: 10-1193-0003
LOCATION: 8 600851678 £ 43B44.72

SAMPLER HAMMER, kg DROP, Y80mm

RECORD OF Borehole:

RORNG DATE: AUG 1113, 2041

GB-03

PENETRATION TEST HAMMER, 84k, DROP, 760mm

SHEET t OF 2
DATUM;

£ . BYNARMIC PENETRATION ) HYDRAULIC CONDUDTIMITY,
w |8 SOH PROFLE SAMPLES | ResiSTANGE, SLOWSDAm i k. erds o )
2 [5 " . g 4 PEZOMETER
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Eg g DESCRIFTION = ;i g § {é ggEﬁ.F’. STRENGTH :"ieﬂ;fm\{{ ;B g g WATER CONTENT PEROENT & NSTA LATION
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PROJECT: 0-1193.0003 RECORD OF Borehole: GB-03 SHEET 2 OF 2
LOCATION: M 303354678 ;€ 434844.70 BORING DATE:  ALIG 1912, 2014 DATUM;
SAVPLER HAMMER, Rdkg; DROP, 780mm PENETRATION TEST HAMMER, 8dkg; DROP, 760mm
. GYNANIT PENETRATION N HYDRALLIC CONDLIGTIVITY,
u g SOU. PROFLE SAMPLES | o SIeTANOE, BLOWS/D.3n N k, cmis ) ~
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PROJECT 10-1193-0003 RECORD OF Borehole: GB-04 SHEET 1 OF 3
LOCATION: N 8033577.28 [ 434869.92 RORING DATE: AUG 1517, 2011 DATUM:
SAMPLER HAMMER, 8dkg; DROP, 760mm PENETRATION TES7 HAMMER. &dkg; BFOP, T60mm
- DYHAMEC PENETRATION N HYDRAULIC CONDUCTRATY,
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PROJECT. 10-1193-0003 RECORD OF Borehole: GE-04 SHEET 2 OF 3
LODATION: N B033577.28 [ 424669.92 BORING DATE: ALK 1617, 2011 DATUM:
SAMPLER MAMMER, 64kg, DROP, 7G0mns PEMETRATION TEST HAMBER, Békg: OROP, 760mm
o oo 3 DVNANC PENETEATION 5 HYDRAULIC CORDUCTIVTY,
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PROJECT: 10.1183-0003 RECORD OF Borehole: GB-04 SHEET 3 OF 3
LOCATION: N BU33577.26 /8 43488992 BORING DATE, AUG 1817, 2011 DATUM:
SAMPLER HAMMER, 8dkg DROP, 780mm PEMETRATION TEST MAMMER, f4ky; DROP, Tolmm
o SOFILE cizs | DYNAMIC PENETRATION p HYDRAULIC CONDUCTIVITY,
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PROJEGT, 10-14836003 RECORD OF Borehole: GB-05 SHEET 1 OF 2
LOGATION: N BU33820,44 (E 43494671 BORING DATE; AUG 19.20, 2011 DATURE
BEMPLER HAMMER, 84ky, DR.OP, 786mm PENETRATION TEST HAMWER, Bdkg, DROP, T80mm
o . ce 1 DYNAMIC PENETRATION % HYDRALULIC SONDUCTRATY,
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Attachment 2
Slope Stability Analysis Results
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Project Cut-off Wall Design App C-4.docx
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